We investigated the use of autologous platelet-rich plasma (PRP) to improve the success rate of fat graft myringoplasty in perforated tympanic membranes of rats.
INTRODUCTION
Perforation of the tympanic membrane is frequently seen with various causes, including trauma and infections. When not completely healed, a perforation can result in serious problems such as recurrent otitis media and, ultimately, hearing loss. Most perforations close spontaneously if they do not present with chronic inflammation; however, in the case of chronic perforations, the tympanic membrane is generally repaired with surgery [1, 2] . Today, myringoplasty is considered the most effective and reliable method of healing tympanic membrane perforations. It has been and continues to be used with numerous materials, various surgical techniques, and with different rates of success in healing tympanic membrane perforations [3] .
The application of fat tissue in the healing of perforations was first described by Ringenberg [4] . Since then, it has been frequently used, particularly in small perforations, because fat can be readily obtained from the patient, and this is a minimally invasive procedure [5, 6] . However, because the fat graft tissue contains no vessels and is fed through revascularization, improvements in the post-operative period and the connected closing of the perforation depends on local factors in the area where the procedure is undertaken [7] .
Platelet-rich plasma (PRP) is the part of the blood plasma derived from a small volume of whole blood subjected to a special centrifugation procedure, and it contains a high concentration of platelets. After it has been activated, growth factors are present with the degranulation of the platelets, and the process of wound healing begins. These growth factors include platelet-derived growth factor (PDGF), insulin-like growth factor (IGF), and vascular endothelial growth factor (VEGF). Because of this, PRP is frequently used today in craniofacial, orthopedic, and neurological surgery [8] [9] [10] [11] . PRP increases the success of grafting when fat grafts are applied in various regions of the body [11] [12] [13] [14] . Moreover, Erkilet et al. [15] showed positive effects of PRP when used on its own on the tympanic membrane. Given this background, we considered that the combination of PRP with fat graft in repairing tympanic membrane perforations may increase the success rate of grafting.
In this study, we assessed the effects of PRP together with fat grafts in the repair of tympanic membrane perforations and on healing of the tympanic membrane in a rat model. To the best of our knowledge, no previous study has examined PRP mixed with fat for graft myringoplasty.
MATERIALS and METHODS
A total of 20 adult female Wistar albino rats, weighing 250g-300 g, were used. Following anesthesia consisting of intraperitoneal 50 mg/ kg ketamine hydrochloride (Ketalar, Pfizer Warner Lambert, ABD) and 5 mg/kg xylazine hydrochloride (Rompun, Bayer, Istanbul, Turkey) injection, 20 rats that had normal tympanic membranes and external auditory canals bilaterally with a microscopic inspection were included. Study protocol had been approved by the IRB, and the animals were handled in accordance with the guidelines prepared by the Animal Use Committee of our institution.
Study Groups
The 20 rats were randomly divided into two groups. Group 1. Rats were grafted with fat following the myringotomy (control group). An hourglass-shaped graft was applied to the left ear of the 10 rats in this group, immediately after the myringotomy, using fat taken from the inguinal region. Group 2. Rats were grafted with a combination of PRP+fat following the myringotomy. The fat graft was also taken from the inguinal region for the 10 rats in this group. Immediately after the myringotomy, the fat was soaked in 0.5 mL PRP for 5 minutes. PRP+fat graft was placed in the perforation area and whole area covered with gelfoam.
Obtaining PRP from the Rats After taking 2 mL intra-cardiac blood from the rats which were to undergo tympanic membrane repair with PRP, the blood was placed in tubes containing sodium citrate (anticoagulant). The anticoagulated blood was subjected to centrifugation (1200 g, 5 min). Three layers were formed: red blood cells at the bottom, the section containing the platelets and the white blood cells in the middle, and platelet-poor plasma at the top. Once the platelet-poor plasma was removed, further centrifugation was performed (1200 g, 10 min). The red blood cells were separated following the second centrifugation, and ~0.5 mL PRP was obtained.
Obtaining Fat Grafts from Rats
The inguinal area of the rats from where the fat grafts were to be removed was shaved, and an incision of ~2 cm was made. Fat grafts at a minimum double size of the perforation (~0.5 g) were removed, and the incision was closed with 5.0 monofilament absorbable sutures.
Myringotomy Procedure
A standard 2 mm myringotomy was applied to the anterior inferior quadrant of the membrane using a paracentesis knife (Trautmann ear knife, Storz, Germany) under microscopic examination.
Follow-Up
The animals were left for a 21-day healing period following the surgical procedure. Water and food (pellets) were available ad libitum under standard laboratory conditions. Microscopic control examinations were performed in rats from each group on the 3 st day of the microscopic assessment, the animals were decapitated. The bulla of the rats was removed following decapitation, and once opened, the tympanic membranes were removed under direct observation. The tympanic membranes were dissected under microscopic observation and removed with the bone annulus surrounding them, as well as the 1-2 mm external auditory canal.
Histopathological Examination
All of the histopathological evaluations were performed by two expert pathologists. The tympanic membrane was fixed in 10% formalin. The tissues were divided into two sections at the appropriate axis, followed by sampling. Sections of 4 µm were obtained with a microtome. An automatic staining machine (Leica Autostainer XL) was used for hematoxylin and eosin staining procedures. The sections were evaluated by two pathologists under a light microscope (Nikon Eclipse E600). The normal adipocyte area of the fat grafts, granulation tissue area, vacuolization area, and necrotic area were calculated histopathologically as percentages, and the number of mature vessels was determined. Following the histopathological assessment, measurements (such as the area of normal adipocytes) and photographing procedures were performed with the Nikon DSFi2 digital imaging system.
Statistical Analysis
All of the data analyses were performed using the Statistical Package for Social Sciences version 21.0 software (IBM Corp.; Armonk, NY, USA). Continuous quantitative data are expressed as n, mean, and standard deviation, whereas qualitative data are expressed as n, median, and the 25 th and 75 th percentiles. The Mann-Whitney U-test was used for variables from independent measurements and which did not display a normal distribution. P values < 0.05 were considered statistically significant.
RESULTS
Otitis media was not observed in any rat. Graft rejection was observed in 1 rat from Group 1 on the 14 th day. The grafts in all the rats from Group 2 were intact. The rats in both the groups were decapitated on the 21 st day, and their tympanic membranes were removed, followed by histopathological examinations. We examined whether there was an epithelial and mucosal cover on the front and back of the graft. Figure 1-5 show the typical morphology of grafted fat at the 21 st day.
There were qualitative differences between the PRP and control groups. In the histomorphometric analyses, Groups 1 and 2 showed different morphology. The degree of normal adipocyte area and number of mature vessels in PRP group were significantly higher than in the control group. Group 1 showed higher results in terms of granulation tissue area and vacuolization area. Although necrotic areas were lower in PRP group than control group, there was no statistical significance (p>0.05; Table 1 ). Data were compared using the Man-Whitney U-test. 
DISCUSSION
Tympanic membrane perforations occur frequently, secondary to infections or trauma. Longstanding tympanic membrane perforations may cause hearing loss and middle ear infection, even if they are small in size. Although regeneration and the healing abilities of the tympanic membrane have been shown, chronic perforations are widespread, and there is a need to use grafts to repair them [16] . Ringenberg [4] was the first surgeon to use fat tissue at myringoplasty in 1962. After Ringenberg, many authors reported good myringoplasty results with the fat graft [17] . The effect of the perforation size has been one of the most important topics for discussion in this report. Many authors believed that the perforation size is the most important factor for the success of FGM procedure [18, 19] . Today, one of the most frequently used graft materials for the repair of small central perforations is fat [20] . When using fat grafts to repair tympanic membrane perforations, it is important to take an amount of fat that is at least double that of the intended graft, because with fat grafts in any region of the body, unexpected graft resorption may occur [21] . Continued dissatisfaction with the survival of independent fat grafts has resulted in the implementation of many different pharmacological efforts together with fat grafts. Many studies have shown positive effects of the application of local growth factors on the volume and survival of the fat graft [22] [23] [24] [25] . Insulin, steroids, lidocaine, epinephrine, and selective β1 blockers have been used with fat grafts for this purpose, and positive effects on survival of the graft have been shown [26] . Mestre et al. [27] stated in their review that partial resorption occurs in the adipocyte tissue in the first month, due to local hypoxia, following a fat graft, and that the resorption area becomes filled with dermatocysts and fibrous tissues. In our study, the percentage of normal adipocyte area was decreased to 63.11% in the control group. This finding suggested that resorption occurred in the adipocyte tissue consistent with literature reports. We showed the effects on healing when using PRP together with fat grafts in the closure of central perforations. PRP prevents fat graft resorption, and it showed positive effects on the success of the fat graft. Nakamura et al. [28] created subcutaneous dorsal pockets in their empirical study on rats to show the effects of PRP on fat graft resorption. This study involved two groups, where a fat graft was placed on its own or in combination with PRP. The study looked at the normal adipocyte area, the granulation tissue area, the vacuolization area, the necrotic area, and capillary formation. The authors found that a normal adipocyte area and capillary formation were significantly higher in the PRP group. We looked at similar parameters in our study, and found that the normal adipocyte area and number of mature vessels were significantly higher in the PRP+fat group (Group 2). However, in contrast to Nakamura et al. [28] , we found significantly lower values in the PRP+fat group compared to Group 1 with regard to the granulation tissue area and vacuolization area parameters. We believe that this may have been due to differences in the areas where the grafts were placed (tympanic membrane vs. subcutaneous dorsal pocket).
Studies conducted on fat grafts have revealed that angiogenic factors play an important role in the revascularization of the graft, reducing the apoptosis of fat cells and increasing the survival rate of the graft [29, 30] . It has been found in these studies that VEGF is the most important factor in angiogenesis [26] . When we compared the results between the rats to which we applied fat grafts and the rats to which we applied PRP+fat grafts, we also determined a significant difference in the number of mature vessels. This difference, in favor of the rats that received PRP+fat grafts (Group 2), could be due to the VEGF contained in the PRP.
When examining the literature, it can be seen that PRP is used in craniofacial and orthopedic surgeries, particularly in chronic wounds. According to searches that we performed with Pubmed and Google Scholar, our study is the first to show the positive effects of using PRP together with fat grafts in repair of the tympanic membrane. Our study was conducted by creating acute perforations and showed tympanic membrane and graft improvements. In their review, Wang et al. [31] argued that there was a need to create chronic perforations in empirical studies related to the tympanic membrane. However, Gold et al. [32] stated that when a resection is performed starting from the edges of the remaining membrane during the repair of chronic perforations, the healing process is similar to that of acute perforations. We have a similar view and conducted our study by creating acute perforations. Different information may be obtained on this subject from other studies in the future, conducted by creating chronic perforations.
CONCLUSION
We demonstrated the positive effects of using PRP with fat grafts in the repair of tympanic membrane perforations in a rat model with histopathological findings. We believe that these findings warrant the need for additional experimental studies, as well as clinical trials, in the future. Financial Disclosure: The authors declared that this study has received no financial support. 
